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INTHDIXJCTION 

The  elevated  tenoeratures  encountered  in  long  range 
supersonic  aircraft  have  created  a  need  for  high 
tenperature  resistant  glass  reinforced  plastic  con¬ 
struction  which  will  provide  the  reguired  strength, 
light  weight,  and  radar  transparency.  The  objective 
of  this  program  was  to  determine  the  effect  of  pro¬ 
longed  exposure  to  on  various  reinforced  plas¬ 

tic  material  combinations. 
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2.  APPROACH 

The  oresent  materials  used  on  the  B-58  were  known  to 
have  useful  oronerties  at  tennerntures  un  to  300°F 
for  short  neriods  of  time.  However,  little  if  any 
data  was  available  on  their  nronerties  at  325®F  after 
prolonged  exposure,  oince  time  and  funds  were  not 
available  for  an  extensive  develonment  nrogram  for 
new  ucterials  and  some  of  the  present  B-58  materials 
appeared  capable  of  operating  under  this  condition, 
it  was  decided  to  ev-luate  B-58  materials  only.  The 
nresent  nroduction  processing  techniques  such  as  cur¬ 
ing  agents,  finish  of  glass  reinforcements,  fabrication 
methods  and  curing  cycles  were  used.  In  the  case  where 
the  material  is  used  by  a  sub-cnntiactor  of  B-58  parts, 
the  vendor's  nrocesses  were  used, 

Iwo  test  requests  were  written  to  initiate  the  fabri¬ 
cation  and  testiirr  of  oanels.  F-9684  was  issued  for 
G.R.P.  faced  sandwich  construction  and  F-9606  was 
issued  for  solid  inninete  G.R.P,  -rnctiuciico . 

Materials  Tested. 


Phenolic  -  Conolon  5%  FMS0031  CMSS  VI  * 

£^xy  £non  828  rMSOOSl  CLASS  IV  ** 

Modified  Polyester  -  Laminae  4232  rMSOOSl  CLASS  II*** 

3.  FABRICATION  -  MATERIALS  Aifl)  PROCESSES 

3.1  3AND’.fiCH  CONSTRUCTION 

— - -  • ;■  V  .  r 

Two  (2)  resin  systems  were  evaluated.  Phenolic  and 
Epoxy  Panel  .fabrication  details  were  as  follows t 
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3.1*1  Ph«nolie  Glaaa  Reinforced  Flastie  F«c«d  Sandwich 


uonstruetion 

(Representative  of  the  General  Structural  non-elect rl cal 
sandwich  construction  on  the  B-S8) 

3. 1.1.1  Construction  and  Materials 

One  (1)  panel  size  .560*  £  .015*  x  38.0*  x  38.0*  was 
fabricated  as  follows: 

A.  Faces  were  coinposed  of  3.  plies  of  nuaber  181 
style  Conolon  506  preiapregnated  crlass  cloth 
per  specification  FMS-0031  'B)  Class  VI 

B.  Core  was  a  5.5  Ib/cu.ft.  noainal  density  glass 
fabric  reinforced  plastic  honeycomb  core  material 
fer  Specification  FM3-0013  (B)  Type  IV.* 

C.  Faces  were  bonded  to  the  core  using  adhesive'  per 
Soeeification  B13-0C15-1.** 

3. 1.1. 2  Processing 

A  single  stage  lay-uo  was  used  and  the  oanel  cured 
as  follows: 

a.  Cure  cycle  under  vacuum  pressure  of  26*  £  3* 
of  Hg. 

3/4  hour  at  200®F  £  lO^F 
1/2  hour  at  250®F  £  10®F 
1/2  hour  at  275®F  £  10®F 

b.  Post  cure  cycle  with  no  vacuum 

1/2  hour  at  300 ®F  i  10®F 
2  hours  at  350OF  £  10®F 

3. 1.1.3  The  completed  panel  war  painted  using  crime  per 
FKS.0003  and  paint  per  FM9-0004. 

hex  cell  configuration.  Room  tempersture  value.: 

”  eompreeslon  700  pel  core  shear  L  360  pel 
core  shear  W  310  psl 

•*  typical  epoxy-phesollc  resin  atiheslve. 
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3.1.2  Epoxy  Glass  Beinforced  Plastic  Faced  Sandwich 

Construction  (simulating  radome  construction  ) 

3. 1.2.1  Construction  and  Ilaterials  •  Two  (2)  panel  size 

.602*  £  .010*  X  38.0*  x  33.0*  were  fabricated  as 

follows: 

a.  Faces  were  composed  of  5  plies  of  number  181 
style  Volan  *A*  finish  class  fabric  with 
Epon  828  resin  and  13  phr  MPD  curinq  agent 
Faces  were  finished  to  a  thickness  of  .045 

£  .005*  with  a  cured  resin  content  of  341*  £  3%. 

They  mat  the  requirements  of  Ooecification 
FMS-OOSIB  Class  IV. 

b.  Core  was  a  4.75  Ib/cu.ft.  nominal  density 
glass  fabric  reinforced  plastic  honeycomb  core 
material  per  .ipecification  FI1B>0013  (B)  Type  II* 
spliced  and  vented  as  required. 

c.  Parent  resin  as  outlined  above  was  used  to  bond 
the  faces  to  the  core. 

3. 1.2. 2  Processing  -  A  three  stnge  lay*up  was  used  as  follows: 

a.  1st  stage  -  doth  faces  were  laid  up  and  rubbed 
out  at  150°F.  The  cure  under  vacuum  pressure 
of  26*  £  3*  of  Hq  was  as  follows: 

3/4  hour  at  200OF  £  Sop 

1/2  hour  at  250°?  £  5°F 

1  hour  at  300®F  £  5°F 

b.  2nd  stage  -  One  face  was  parent  resin  bonded  to 
the  core  under  vacuum  pressure  of  26*  £  3"  of  Hg. 

2  hours  at  150®F  £ 

3/4  hours  at  200OF  £  5°F 

1/;.  hour  at  250®F  £  5®F 

1  hour  at  300®F  £  5®F 

hex  cell  configuration.  Room  v  nperature  values. 

Compression  535  psl  shear  L  710  pel  shear  W  190  psl. 
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c.  3rd  3tat39  -  The  remaining  face  was  parent  resin 
bonded  to  the  core  under  the  stm  conditions  of 
the  2nd  stage. 

d.  The  coopleted  panels  were  post  eared  without 
vacuum  as  follows: 

1/2  hour  at  200®F  j  lO^F  _ 

1  hour  at  300OF  £  10°f 

4  hours  at  350®F  £  10**? 

3,2  aolid  Laminate  Construction 

Three  (3)  resin  systems  were  evaluated.  Phenolic, 
tipozy.  and  Modified  Polyester.  Panel  fabrication 
details  were  as  follows: 

3.2.1  Phenolic  Glass  :<einforeed  Plastic  Lanlnate  Construction 

(i^enresentative  of  the  general  stractural  non-electrical 
laminated  construction  on  the  B>S8) 

3. 2. 1.1  Construction  and  Materials  -  One  (1)  panel  sise  .125* 

£  .010"  X  38.0*  X  38.0*  was  fabricated.  This  panel 
was  composed  of  12  plies  of  nustiber  181  style  Conolon 
506  preimnregnated  glass  cloth  ner  Specification 
BB-0031  (B)  Class  VI. 

3.2.1.  2  Processing  •  A  single  stage  lay-up  was  used  and  the 
panel  cured  as  followsr 

a.  Cure  cycle  under  vacuum  pressure  of  26*  £  3*  of  Hg. 
3/4  hour  at  200®F  £  10°? 

1/2  hour  at  250®F  £  10°? 

1/2  hour  at  275®F  £  10®F 
b.  Post  cure  cycle  with  no  vacuum 


1/2  hour  at  300°F  £  10®F 
2  hours  at  350°F  £  10®F 
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3.2. 2.1 
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3,2.3 


The  completed  panel  i*as  painted  usina  nrime  per 
FMS-OqOT  and  paint  per  ri-ia- 3004  .  »♦ 

Epoxy  Glees  iteintorced  Piaaiic  tjai'rln&te  Cor  atruo- 
tion  -  (Simulating  radoxe  and  antenna  euust ruction 
on  the  B-58). 

Construction  and  Udteii  ils  -  !2)  panels  size 

.170"  £  .005"  X  38.0"  X  38.."  weic  fabricated. 

These  panels  were  composed  innroxiiuately  17 
plies  of  number  131  style  oaran  “Li.ish  glass 
cloth  with  opon  828  resin  ai'd  li  phr  id- -'/A  curing 
agent.  Cured  resin  content  was  3?'/.  £ 

Processing  -  A  three  stage  la>-up  was  used  and 
cured  as  follows: 

A.  1st  stage  -  liix  (6)  plies  ot  cloth  wore  impreg¬ 
nated  with  resin,  rubbed  out  and  cured  under 
vacuum  nressuie  of  26"  £  3"  Ha  as  follows; 

1/2  hour  at  150°F  £  5«>F 

1  hour  at  200®F  £  5®F 

1/2  hour  at  250°F  £  5®r’ 

B.  2nd  Stage  -  15ix  (6)  plies  were  ac  ricd  to  the  1st 
stage  lay-up  using  the  same  processing  method. 

C.  3rd  litage  -  the  remaining  nlies  weie  added  to 
the  2nd  stage  lay-up  as  necessary  to  neer  the 
thickness  r*3guirement  using  the  same  nrocassino 
nuDods  as  useci  In  the  1st  st-g«r.. 

ii.  The  completed  panel  wati  post  enrea  vuthout  vacuum 
as  follows: 

1/2  hour  at  250®F  £  ]0»F 
1  hour  at  300®F  £  lt)®F 
4  hours  at  350 °F  £  10®F 

Modified  Polyester  Glass  i<einforcen  rlistiC  Laminate 
Construction  -  (Simulating  the  search  r-aome  construc¬ 
tion  on  the  B-58). 

•  Tjrplc?.!  Epoxy  Prlaor 
'•  Typical  Epoxy  P-ilrt, 
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3.2>3.1  Construction  and  Material  -  Two  (2)  oanels  size 
.183"  i  .005"  X  38.0"  x  38.0"  were  fabricated. 

These  panels  were  composed  of  annraximatel y  16 
plies  of  number  181  style  Saran  finish  crlass  cloth 
vrith  Laminae  4232  resin  and  2  phr  AIC  curing  agent. 
Cured  resi  n  content  was  38%  £  3%. 

3. 2. 3. 2  Processing  -  ^  three  stage  lay-op  was  used  and 
cured  as  follows; 

A.  1st  stage  -  ^ven  (7)  plies  of  cloth  were 
impregnated  with  resin,  rubbed  ou^  and  cured 
under  vacuum  pressure  of  26  /  3"  Hg  at 
180°F  £  sop  for  <  hours.  'One  ply  was  used 
for  a  peel  ply. ) 

B.  2nd  Stage  -  Seven  (7)  plies  were  added  to  the 
1st  stage  using  the  same  orocessing  methods. 
(One  ply  was  used  for  a  peel  ply). 

C.  3rd  Stage  -  The  remaining  plies  were  added  to 
the  2nd  stage  as  necessary  to  eaet  the  thick¬ 
ness  reguirement  using  the  aamm  processing 
methods  as  fox  the  1st  stags. 

0.  The  completed  panel  was  post  cared  without 
vacuum  as  follows: 

12  hours  at  200®F  £  5®F 

5  hours  at  2250F  £  5®F 

4  hours  at  250°F  £  5®F 

4  hours  at  275®P  £  5®F 

4  hours  at  300®F  £  5°F 

4  hours  at  325®F  £  5®F 

72  hours  at  350®F  £  5®F 
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4.0  TESTING 

4.1  MECHANICAL  TEgTING 

4.1.1  Testing  was  accomnlished  under  the  following  envircn- 

nental  conditions. 

a.  Room  tennerature  control  tests 

bw  At  325°F  after  1/2  hour  exposure  to  325®F 

c.  At  325®F  after  200  hours  exposure  to  325‘^P 

d.  At  325®P  aftey  1000  hours  exrxtsuro  to  325®F 

e.  At  rooa  teoperature  after  3000  hours  exposure  to  325®F 

f.  At  325^  after  3000  hours  exposure  to  32S^F 

4.1.2  nie  following  mechanical  tests  were  conducted. 

4. 1.2.1  Glass  reinforced  plastic  faced  sandwich  construction. 

a.  Column  c>rmnression  specimens  -  prepared  and  tested 
per  Specification  ?Z3-4-C71  (A)  Tyne  XII.* 

b.  Pi  Tension  snectnens  -  prepared  and  tested  per 
Specific.itioii  FZS-i-O?!  (A)  Type  III** 

e.  Load  -  I'jflection  (P/A )  Beams  -  prepared  and 
tested  :i3r  Figure  1  and  Table  I. 

d.  Beam  •  Cdumn  creep  tests  were  run  on  enoxy  and 
phenolic  faced  sandwich  constructions  for  3000 
hours.  Ihe  specimens  were  prepared  and  tested 
in  accoirance  with  Figure  2. 

4.1. 2.2  Glass  Reinfoiced  Plastic  Solid  Laminate  Construction 

a.  Tensile  pecimens  -  prepared  and  tested  per  Sneci« 
ficatioi.  lP-406b  Method  1011  Type  1. 

b.  Comoros:  .'on  specimens  -  prepared  and  tested  per 
Specific  .tion  LP-406b  Method  1021.1  using  Convair 
modified  soecimensiwitb  flared  ends). 

c.  Flexure  jpecimens  -  prepared  and  tested  per  Speci¬ 
fication  LP-406b  Method  1031,1 


*See  Suppler  ntary  Sheet  S-l 

**8ae  Supple:  I  ntary  Sheet  S-?.. 
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FriifSICAL  TESTING 

The  following  physical  tests  were  accoranlished  on 
the  glass  reinforced  plastic  solid  laminates  ari 
faces  of  the  sandwich  panels. 

a.  Specific  gravity  per  Specification  LP-406b 
Method  son. 

b.  Resin  content  per  Specification  lF-406b  Method  7061. 

c.  Hardness  test  using  a  Barcol  Inoressor  Model 
GY2-934-1. 

The  physcial  tests  were  performed  at  room  temperature 
after  the  following  exposures* 

a.  Prior  to  exnosure  to  325 ®F 

b.  After  200  hours  at  325^P 

c.  After  1000  hours  at  325®F 

d.  After  3000  hours  at  325oF 

Electrical  Tests 

Identical  panels  using  the  Epoxy  and  Mol'' fied  Polyester 
resin  systems  were  fabricated  for  electrical  tests.  The 
electrical  tests-  were  run  at  room  temperature  after  the 
test  panels  had  been  exposed  to  32S°F  for  3000  hours. 

^e  panels  were  tested  for  dielectric  constant,  loss 
tangent,  transmission  and  I.P.O.  at  8.5  KMC. 

Exposure  and  Tests  at  Temperature 

Room  tesperature  and  short  tiM  exposure  (1/2  hour) 
test  specimens  were  removed  from  the  panels  and  remain¬ 
ing  sections  of  the  panels  were  exposed  to  3  25*’F  in  a 
closely  controlled  oven.  All  open  edges  of  the  sand¬ 
wich  panels  were  sealed  with  Mylar  tape  during  the  ex- 
fTOsure.  At  the  end  of  each  time  oeriod  the  panels 
were  removed  and  inspected.  Sufficient  material  far 
the  required  test  specimens  was  removed;  and  the 
panels  were  re- sealed  and  returned  to  the  oven  for 
continued  exposure. 
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5.0  TEST  RESULTS  AND  DIXU3S10N 

5.1  TEST  RESULTS 

Th«  mechanical  and  physical  tsst  result •  ars  suamarissd 
in  Tables  II  and  III  and  detailed  in  Tables  IV  throu^ 
Table  XXII. 

5.R  DISCUSSION 

When  reinforced  plastic  materials  are  exposed  to  elevated 
teanoratures,  two  reactions  simultaneously  take  place. 

One  reaction  is  the  additional  curing  of  the  resin  which 
increases  the  mechanical  stren'^th  of  the  material.  The 
other  reaction  is  oxidation  which  causes  a  deterioration 
of  the  resin  which  results  in  a  decrease  in  mechanical 
Strength. 

Epoxy  and  Modified  Polyester  laminates  ars  practically 
non>porous  and  only  the  outer  surfaces  are  primarily 
affected  by  oxidation.  Phenolic  laminates  are  noted 
for  their  porosity  aud  exposure  to  high  temperature  for 
an  extended  period  of  tine  creates  a  serious  oxidation 
problem.  The  effect  of  oxidation  of  phenolic  material 
can  be  reduced  by  paintiiig  the  surfaces  or  by  impregnat¬ 
ing  the  porous  laminate  with  a  high  temperature  material. 

The  Phenolic  panels  (solid  and  sandwich)  were  painted  in 
an  effort  to  reduce  the  effect  of  oxidation  but  the 
panels  were  substantially  affected  by  oxidation  during 
the  long  exposure  to  325^. 

The  low  specific  gravity  of  the  solid  laminate  phenolic 
part  (1.57)  is  another  indication  that  it  was  more  porous 
than  the  Epoxy  laminate  (1.86)  or  the  modified  polyester 
laminate  (1.89). 

The  mechanical  values  for  the  Epoxy  sandwich  panel  were 
lower  than  a  typical  Epoxy  sandwich  panel.  This  apparent¬ 
ly  was  caused  by  the  low  bond  strength  of  the  parent 
resin.  The  panel  tested  had  an  ultimate  tension  value 
of  1057  pounds,  while  a  typical  panel  should  have  a 
value  of  1300  pounds. 

The  test  results  showed  that  there  was  a  definite  in- 
ermaee  in  strength  of  all  materials  as  the  exposure 
time  at  325^F  was  increased  from  1/2  to  200  hours.  Th-is 
increase  can  be  attributed  to  the  a^itlonal  curing  of 
each  type  of  resin  with  a  minimum  effeot  of  oxidation. 
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At  tome  point  between  200  and  1000  hours  exposure, 
the  effect  of  oxidation  began  to  ov^'r'-a^'H  the  effect 
of  curing  and  resulted  in  a  decrease  of  mechanical 
properties  of  the  solid  and  sandwich  nhenolic  parts, 
v^ring  this  saiae  period  of  exposure  the  epoxy  nater- 
ipl  increased  ia,  strength  and  the  modified  nolyeste^., 
Ifvelod  off  with  slight  ineraates  la  some  pronertiahZ’  r. 
•  <lBcratt«»»  in  otherae _ :  luiiA-it-  ' 

Between  1000  end  3000  hours  expo^Ore  at  325^  the  $- 
Phenolic  BAtarlhl -Oontlpaad'to  dgtsfiorate  at  a 
-  coro  r.=nid  ratce/.^Tho  <-Toxy, 

,  •'paafe^dOMiMnMaiMili ng  t\ls  piitiiqd^^ddihcresure  and 

started  to  docrerso  in  mechanical  strength.  The 
iModifiod  Polyester  naicrial  continued  to  show  a 
sriall  Increase  in  mectuinical  ordnerties  during  the 
entire  axnosure  time  .'rom  1000  to  3000  hours. 

(XiWCLdUlOlCJ 

These  test  results  show  that  all  three  rosin  systems 
tested  can  aatisfactor ily  operate  at  325®F  for  1000 
hours.  It  car  also  he  concluded  that  the  nreacnt 
design  allowat  le  based  on  accentance  ralues  for  300^ 
for  1/2  hour  rvnoaure  are  realiatic  ^or  1000  hours 
exnosure  at  31S‘'F  without  reductions. 

based  on  this  data  I'iodified  Polyester  annears  to  be 
the  >)Oot  resir.  for  aonlicationa  where  the  material 
is  exposed  to  32S”r*  for  3000  hours.  During  this 
3000  hours  period  of  exposure  at  32SOF  the  mechanical 
properties  ren.>incd  almost  constant  which  would  indi* 
cate  that  Modi'ied  Polyester  material  useable  life 
is  greater  than  3000  hours.  Bee  Figure  3. 

although  the  rechanical  properties  of  £>ooxy  resin 
began  to  decrease  sometime  between  1000  hours  and 
3000  hours  they  were  still  within  a  practical  range 
after  3000  hours  exposure.  Bee  Figures  4  and  6. 

Phenolic  material  was  definitely  affected  by  the 
long  exposure  at  .•25°F  and  its  nschanical  properties 
after  3000  hours  exposure  were  unsatisfactory.  Bee 
Figures  5  and  7. 
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The  electrical  properties  of  the  Spoxf  and  llodlfled 
Polyester  laoinstea  were  satisfactory  for  all  praotioal 
purposes  efter  3000  hours  exposure  st  32S”f.  The  di¬ 
electric  constsnt  end  loss  tangent  properties  at  6«9  KliO 
of  the  epoxy  lacinate  were  within  the  requiresents  of 
?l'^-0031  B*  The  loss  tangent  properties  of  the  i:odifled 
Polyester  laminate  was  within  the  the  specification  valua 
but  the  dielectrlo  constant  Talue  was  Just  outalde  of  apeo- 
iflcation  reauirements.  See  Table  ZXII« 

The  Hooxy  and  Phenolic  laminated  faced  sandwich  speolmens 
had^trery  similar  '^reep  eharacterlatlca  when  exposed  at 
325  ?.  The  Initial  creep  rate  (during  exposure  from  2 
hours  to  200  hours)  was  approximately  .00022  Inches  per  hour, 
ds  the  exposure  time  increased  the  creep  rata  decreased.  The 
average  creep  rate  between  200  hours  and  3000  hours  was 
spproxlmtely  .00-001  inches  per  hour.  Although  the  creep 
rate  continues  to  decrease  during  the  entire  3000  hour 
exposure  the  specimens  never  stopped  creeping.  See  Tables 
Z  and  XI. 

7.0  H&COll  U^ATIOKS 

l.odified  Polyester  (Laminae  4232)  and  Epoxy  (Epon  628)  are 
the  best  resin  systjws  currently  being  used  at  Convair  for 
at  plications  at  329'7  for  3000  hours. 

Although  these  rnterlals  will  do  a  satisfactory  Job,  they 
have  the  following  disadvantages;  Modified  Polyester  resin 
presents  a  fabrication  problem  because  of  excessive  flow 
during  cure;  the  strength  of  Epoxy  (Epon  828)  drops  off 
rather  sharply  above  325^. 

Therefore,  In  order  to  improve  the  reinforced  plastic 
cateriala  for  long  time  duration  st  325®F  the  following 
additional  work  is  reoocnended. 

1*  New  available  epoxy  materials  should  be  tested. 

Theaa  csterlols  have  higher  heat  distortion  points 
than  Epos  828  tested  in  this  program. 

2.  A  method  should  be  developed  to  preimpregnate  e 
Lodi  fled  Polyester  resin  to  reduce  fabrication 
problems. 

A  material  sod  method  should  be  developed  to  impregnate 
Fhenolle  parts  to  reduce  the  effect  of  oxidation. 
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2.  Load  Rate* (He?*  :t^Tel)  ,05  In/mln. 
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BARK  WITH  ORSA  }.! 
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BAO  SURFAOX 


TXST  BLOCK 


Note  tjrpe  of  failure,  failiog  load  and  aurfaoa  on  whl  >h  failure 
occurs. 

Load  rate  to  be  4''*;0#/jBln. 

Bond  the  apeolaen  Into  t'e?  t'*at  block  with  42?7  adhea.Te* 

Cure  and  bonding  pressure  to  be  specified  by  Process  Coatrol. 
The  faces  of  both  tost  blocks  must  be  flat  and  perpemllcular 
to  the  centerline  of  the  test  blocks. 

Both  faces  of  the  apoolaen  must  be  flat  and  parallel  ‘io  each 
other. 
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